Background: The purpose of this article was to examine individual-and community-level factors associated with childhood anemia, severe anemia, and hemoglobin (Hb) concentration in Malawi. Methods: Using data from the 2010 Malawi demographic and health survey (MDHS), the multilevel regression models were constructed to analyze 2597 children aged 6-59 months living in 849 communities. Results: The results showed that both childhood anemia and severe anemia were negatively associated with child's age, no fever in the previous 2 weeks and height-for-age, and positively associated with residing in poor household. Childhood anemia was negatively associated with community female education. Child's age, no fever in the previous 2 weeks and maternal Hb levels were positively associated with child Hb concentration, while residing in poorest households was negatively associated with children's Hb concentration. Conclusion: Comprehensive public health strategies aimed at reducing childhood anemia need to focus more on the significant characteristics addressed in this study.
synthesis [12, 15] , can all be etiologies of anemia. Previous studies also had demonstrated that factors such as a child's biological characteristics [5, [16] [17] [18] [19] , maternal characteristics [16] [17] [18] [19] , household economic status [17, 19] , and community characteristics [19] have impacts on childhood anemia.
Despite the individual risk factors of childhood anemia have been well explored in prior studies [3, [20] [21] [22] [23] , few studies have simultaneously considered the influence of contextual-and individuallevel factors on childhood anemia, particularly in Malawi. Previously, it was reported that the community constitutes a key component of socioeconomic challenges to good health [24] [25] [26] [27] . Therefore, this study aimed to examine whether individuallevel and community-level factors both can influence childhood anemia, severe anemia, and Hb concentration.
M A T E R I A L S A N D M E T H O D S

Study design
Data came from the 2010 Malawi Demographic and Health Survey (MDHS). Methods used in this study have been described in details elsewhere [8] . Using a stratified two-stage cluster design, the 2010 MDHS produced a nationally representative sample. The first stage selected 849 communities (clusters) and the second stage selected 27 345 households. Analyses were limited to the children whose households were selected for hemoglobin estimation. A random procedure was conducted to select one child per household to avoid the clustering effects, which generated a final sample size of 2597.
Data collection
Using face-to-face interviews, data were collected from women aged 15-49 with children below the age of 5 years prior to the survey. Anemia test from children aged 6-59 months was done through finger prick blood testing using the HemoCue blood hemoglobin (Hb) system. The HemoCue system is based on the conversion of Hb to cyanmethemoglobin and its detection by measuring absorption in a spectrophotometer [28] .
Measures
Outcome variables
Childhood anemia, severe anemia, and hemoglobin concentration were the outcomes. Using WHO recommendations, childhood anemia was defined as children aged 6-59 months with an Hb level of <11 g/dL, while severe anemia was defined as children aged 6-59 months with an Hb level of <7.0 g/ dL [1] . Hb concentration was a continuous variable measured in g/dL.
Independent variables
Individual/maternal/household-level factors. Child-specific factors included child's sex, child's age (in months), birth order, history of fever and diarrhea in the past 2 weeks, stunting, underweight, and vitamin A supplements and deworming in the past 6 months. Maternal and household characteristics include age (in years), educational attainment, maternal anemic status, and household wealth status (Table 1) . We defined stunting and underweight as children with height-for-age and weight-for-age Z-score < À2 relative to WHO standards [29, 30] . Vitamin A Supplement was defined as whether the child had received a high dose of vitamin A supplement in the past 6 months [31] . Fever diagnosis was based on the self-reports by mothers about symptoms that had occurred within 2 weeks prior to the survey date [8, 32] . Diarrheal disease was defined as the passage of three or more loose or liquid stools during a 24-h period [33] . Mothers with hemoglobin level of <12 g/dL were regarded to be anemic [1] . The wealth index was constructed using data on a household's ownership of selected assets, such as televisions, materials used for constructing the house etc., through the principal component analysis [34, 35] .
Community-level factors. We included six variables. Two variables indicate an area of residence, i.e., place of residence and geographical region. Four continuous variables assessed community wealth, community female education, community water supply and community sanitation services. We defined a community based on the primary sample unit in the DHS data. All continuous community-level factors were Weight-for-age < À2 standard deviation of the WHO reference group [29, 30] .
c Improved drinking water (piped water into dwelling, piped water to yard/plot, public tap or standpipe, tubewell or borehole, protected dug well, protected spring and rainwater) [36] .
d Improved sanitation (flush toilet, piped sewer system, septic tank, flush/pour flush to pit latrine, ventilated improved pit latrine, pit latrine with slab, and composting toilet) [36] . constructed by aggregating individual-level data to the community level ( Table 1) . The WHO and UNICEF Joint Monitoring Programme (JMP) for water supply and sanitation guidelines were used to define safe drinking water and improved sanitation [36] .
Statistical analyses Two-level multilevel multivariate regression models were constructed for the analyses. Generalized linear mixed models were constructed for the anemia and the severe anemia outcomes, while the linear mixed-effect models were constructed for the Hb concentration outcomes [37] . Because children living in the same community may be more similar to each other than individuals from different communities, the multilevel models were used to adjust the correlated individual responses nested under the same community. Intraclass correlations (ICC) and percentage change in variation (PCV) were reported to assess the extent of which community variances were explained in each model. Model fits were assessed using deviation information criterion, while variance inflation factor was used to examine for multicollinearity.
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R E S U L T S
Sample characteristics
The mean Hb concentration was 10.47 g/dL. Figure  1 shows the distribution of children's Hb level. The prevalence of anemia and severe anemia were estimated at 63% and 3%, respectively. Table 2 shows the descriptive statistics. The prevalence of anemia was observed to be highest among younger, chronically undernourished, lower socioeconomic children and children with a history of diarrhea and fever and without proper parental care practices. Figure 2 shows the scatter plots of the relationship between children's Hb levels and a selected subset of variables. Apart from the community safe Percentage of household in the community with access to improved water sources. f Percentage of household in the community with access to improved sanitation facilities. *Groups were significantly different by univariate logistic regression, p < 0.05. **Groups were significantly different by chi-square test, p < 0.05. drinking water, child's age, height-for-age, and community female education were positively associated with increased children's Hb levels. Table 3 showed the results of the multilevel analyses For severe anemia, the results showed that child's age (b ¼ À0.07556), having no history of fever (b ¼ À0.7595) and height-for-age (b ¼ À0.00357) were negatively associated with childhood anemia, while maternal age (b ¼ 0.09761) and residing in poor households were positively associated with severe anemia. 
Effects of individual-level and community-level factors on childhood anemia
(Continued)
The ICCs show that about 2%, 5% and 83% of community-level variance were unexplained for Hb concentration, childhood anemia and severe anemia, respectively, which shows the community-level characteristics included in this study cannot explain most of the community-level variance especially in severe anemia. The PCVs show that 36%, 33% and 40% of the variance in Hb concentration, anemia and severe anemia across communities were respectively explained by individual-level and community-level factors.
D I S C U S S I O N
This is the first national and multilevel study that has ever been conducted to assess risk factors for childhood anemia in Malawi. We have found out that the likelihood of anemia increased in younger children.
This result is consistent with previous findings [3, 4, [38] [39] [40] . Anemia is common among children around the time of the growth spurt, particularly between 6 and 23 months. If exogenous iron supplement is inadequate during this time, infant anemia occurs easily [38, [41] [42] [43] . Infants are known to be susceptible to infections via contaminated water and food, which can also affect their ability to absorb iron.
We also found that fever and stunting were positively associated with our outcomes. Similar findings were reported in previous studies [3, 18, 19, 38, 44] . Fever in under 5 children in Malawi is a common symptom of acute and chronical inflammatory diseases especially malaria [12, 18] . Previous studies have reported that malaria increases extravascular hemolysis of red blood cells with a concomitant failure of the bone marrow to increase red cell production to compensate for these losses [45, 46, 47] . On the other hand, stunting indicates chronic food shortage and long-term effects of micronutrient deficiencies, which are associated with low concentrations of Hb [48] . In our study, we have shown that supplement of the high dose of vitamin A can be a solution to childhood anemia [49] [50] [51] [52] . Our findings suggested that infants born to anemic mothers from economically poor households are more likely to develop anemia, which is in line with previous studies [18, 19, 38, 42] . Poor family wealth is an indicator of conditions of extreme social deprivation; hence, caregivers might face difficulties in providing nutritious food to their children [4, 18, 42] . Additionally, maternal anemia status may lead to poor stores of iron, zinc, vitamin A and B12 and folate in breast milk, which further impact child anemia status [53] .
Our study showed an important result that community-level woman's education was significantly associated with childhood anemia. Possible explanations may be that higher community education provides a context where women are more likely to obtain knowledge and material resources that can benefit a child's health [54] . Thus, our findings provide important evidence that contextual factors sometimes can have significant impacts on a child's health above and beyond individual-level factors. Surprisingly communities with safe drinking water were negatively associated with Hb concentration. Future studies need to explore more about the relationship between water sources and Hb concentration.
Regarding the ICCs in our study, 7%, 89% and 5% of the total variance of childhood anemia, severe anemia and children's hemoglobin could be attributed to community-level factors, respectively. Previous research on multilevel analyses have reported similar small ICCs; however, researchers also indicated that an ICC at or above 2% is suggestive of significant group-level variance that required a multilevel study design [55, 56] .
The use of a national representative sample is a main strength of this study. However, our study has some limitations. First, the use of a cross-sectional study design did not allow us to establish cause-andeffect relationships. Second, our study relied on Hb as the measure of anemia; further studies should consider other red blood cell indices [57] . Third, there might be recall bias, as the occurrences of diarrhea and fever were obtained by self-reports. Our results, like other survey studies, are prone to the interviewer bias (i.e., social desirability effect). Last, we are unable to adjust all confounding factors because this study is based on a secondary data analysis.
C O N C L U S I O N S Our study results indicated that individual-level factors have stronger effects than community-level factors on childhood anemia, severe anemia and Hb concentration in Malawi. However, community-level female education still plays an important role in childhood anemia. Public health interventions targeting childhood anemia should focus on food insecurity, malaria infection, iron and other micronutrient deficiencies, household living standards, as well as community female education.
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